Plagioclase ultraphyric basalts (PUBs) with up to 40% millimeter-sized plagioclase crystals, were sampled from the Mount Jourdanne volcanic massif (~64 • E) in the Southwest Indian Ridge. The geochemistry of the host glass, the glassy melt inclusions and their host plagioclase macrocrysts (60) (61) (62) (63) (64) (65) (66) (67) (68) (69) ) are used to reveal the mantle heterogeneity and to discuss the origin of Mount Jourdanne PUBs. The melt inclusions trapped in plagioclase display low MgO and high SiO 2 contents and show rare earth element (REE) patterns resembling enriched mid-ocean ridge basalts (E-MORB). Together with their positive Sr and Eu anomalies, these features indicate that they were derived from an enriched mantle source, likely a refertilized peridotite or a pyroxenite. In contrast to some 61-67 • E basalts, there is a lack of negative Eu anomalies in the PUB host glasses, precluding large amounts of plagioclase crystallization from their parental magma. Petrographic observations and the general chemical similarity between melt inclusions and melts equilibrated with the clinopyroxene cores in regional gabbros and/or troctolites suggest that these plagioclase macrocrysts originate from gabbroic mush within the lower crust. The density contrasts allow the effective segregation of plagioclase prior to their incorporation into the host magma. We propose that these plagioclase macrocrysts were entrained when a new batch of magma passed through the crustal mush zone, and resulted in the formation of the PUB. Eruption of Mount Jourdanne PUBs requires a minimum ascending velocity of 5 m d −1 for the host magma, which is not as high as the eruption rate for typical MORB samples. It is likely that the PUB host magma erupts during a period with reduced magma supply, whereas eruption of aphyric lavas correspond to the fast volcanic formation of the Mount Jourdanne massif.
Introduction
Mid-ocean ridge basalts (MORB) are produced as a consequence of adiabatic decompression melting when the Earth's mantle rises beneath the ridge. The erupted magmas span a wide range of compositions, which are usually classified into two principal groups (i.e., normal MORB (N-MORB) and enriched MORB (E-MORB)) based on their geochemistry. Usually, these magmas undergo mixing, fractionation and/or assimilation at shallow levels before their eruption at the surface [1] [2] [3] , which obscure the original variability of the MORB magmas. Melt inclusions captured by early crystallizing phase (e.g., olivine) may isolate early liquids and hence provide a great deal of information about , with the location of the Mount Jourdanne volcanic massif and regional basalts from volcanic, and ultramafic seafloor (according to Paquet et al. [30] ). Inset shows the study area. (b) High-resolution bathymetry map with an oblique view of the Mount Jourdanne massif with the sample location of aphyric basalt and plagioclase ultraphyric basalts (PUBs) in this study. Samples ED16-1 and ED16-3 are from the literature data [30] . The base map was prepared using Generic Mapping Tools (GMT) [37] . CIR: Central Indian Ridge; SEIR: Southeast Indian Ridge.
Mount Jourdanne is a large volcanic massif [38, 39] , located at 63°55′ E, 27°52′ S on segment 11 from SWIR (Figure 1b) . This approximately W-E treading volcanic construction has a lenticular shape and extends for several kilometers along the rift axis. The volcanic terrain tapers to the west, indicating that the tip of the axial volcanic ridge (AVR) has propagated westward over the past few million years [40] . The summit of Mount Jourdanne is characterized by a series of extrusive units, principally alternating sheet flows, lobate flows, tubes and pillow basalts, which comprise the main outcrop of the northeastern part of the AVR [41] . Sheet flow patterns predominate on the smoothly dipping flanks to the north, whereas pillow mounds and basaltic rock fragments are more dominant on the uppermost plateau of the summit. , with the location of the Mount Jourdanne volcanic massif and regional basalts from volcanic, and ultramafic seafloor (according to Paquet et al. [30] ). Inset shows the study area. (b) High-resolution bathymetry map with an oblique view of the Mount Jourdanne massif with the sample location of aphyric basalt and plagioclase ultraphyric basalts (PUBs) in this study. Samples ED16-1 and ED16-3 are from the literature data [30] . The base map was prepared using Generic Mapping Tools (GMT) [37] . CIR: Central Indian Ridge; SEIR: Southeast Indian Ridge.
Mount Jourdanne is a large volcanic massif [38, 39] , located at 63 • 55 E, 27 • 52 S on segment 11 from SWIR (Figure 1b) . This approximately W-E treading volcanic construction has a lenticular shape and extends for several kilometers along the rift axis. The volcanic terrain tapers to the west, indicating that the tip of the axial volcanic ridge (AVR) has propagated westward over the past few million years [40] . The summit of Mount Jourdanne is characterized by a series of extrusive units, principally alternating sheet flows, lobate flows, tubes and pillow basalts, which comprise the main outcrop of the northeastern part of the AVR [41] . Sheet flow patterns predominate on the smoothly dipping flanks to the north, whereas pillow mounds and basaltic rock fragments are more dominant on the uppermost plateau of the summit.
Samples and Petrography
Samples in this study were collected from the Mount Jourdanne volcanic massif by television-guided grabs (TVG) on R/V Dayang Yihao during DY115-19, DY115-20, DY125-26, DY125-30 and DY135-49 cruises (Figure 1b ).
Most of the samples are fresh basaltic pillow lavas and show fine-grained textures with <3 vol % plagioclase crystals. The matrix is mainly composed of microcrystals of clinopyroxene, plagioclase and olivine with interstitial glass. Specifically, two samples (30I-TVG2-1 and 30I-TVG2-2) show typical PUB textures (Figure 2a ,b) with abundant plagioclase crystals (up to 40 vol %), but rare (<2 vol %) olivine and spinel microphenocrysts in a glassy to cryptocrystalline matrix (Figure 2c,d) . The plagioclase crystals are generally very large, ranging from~200 µm up to 3 cm in size. Plagioclase crystals larger than 2 mm may be either phenocrysts (grown in situ from the host magma) or antecrysts (derived from a genetically related older magma) [18, 27, 42] . We use the non-genetic term 'macrocrysts' to refer to these crystals following Neave et al. [43] . Many of the plagioclase macrocrysts show patchy and sieve textures (Figure 2e ,f) with abundant melt inclusions. In general, the melt inclusions are arranged in the core of plagioclase macrocrysts (Figure 2f ), ranging in morphology from small (<10 µm) inclusions to large (up to 300 µm in diameter) inclusions. SEM observations show that the large inclusions are round, elongated or irregular in shape (Figure 2f -h). In general, the large melt inclusions (>10 µm) are glassy, homogeneous and often surrounded by low anorthite haloes, whereas the small-size inclusions (<10 µm) display round shape and contain bubbles ( Figure 2h ).
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Most of the samples are fresh basaltic pillow lavas and show fine-grained textures with <3 vol % plagioclase crystals. The matrix is mainly composed of microcrystals of clinopyroxene, plagioclase and olivine with interstitial glass. Specifically, two samples (30I-TVG2-1 and 30I-TVG2-2) show typical PUB textures (Figure 2a ,b) with abundant plagioclase crystals (up to 40 vol %), but rare (<2 vol %) olivine and spinel microphenocrysts in a glassy to cryptocrystalline matrix (Figure 2c,d) . The plagioclase crystals are generally very large, ranging from ~200 μm up to 3 cm in size. Plagioclase crystals larger than 2 mm may be either phenocrysts (grown in situ from the host magma) or antecrysts (derived from a genetically related older magma) [18, 27, 42] . We use the non-genetic term 'macrocrysts' to refer to these crystals following Neave et al. [43] . Many of the plagioclase macrocrysts show patchy and sieve textures (Figure 2e Fe-Ti oxides in a glassy to slightly cryptocrystalline matrix. (e) An anhedral plagioclase crystal showing evidence of a multi-stage history, with a homogeneous core surrounded by a patchy zone. It also shows resorbed texture, and late microcracks. (f) A plagioclase macrocryst with abundant melt inclusions. (g) A separated plagioclase macrocryst with a glassy melt inclusion large enough for LA-ICP-MS analysis. (h) A large melt inclusion with dark low-anorthite halo. Also note the coexistence of abundant small melt inclusions with bubbles in the same host plagioclase.
Analytical Methods

Electron Microprobe Analysis (EPMA)
The PUB matrix glasses, naturally glassy melt inclusions and the host plagioclase macrocrysts were analyzed for major elements using a JEOL-JXA-8100 electron microprobe at the Second Institute of Oceanography, Ministry of Natural Resources. During quantitative analysis, a 15 kV accelerating voltage and a 20 nA beam current were used, with a focused beam of 1 µm diameter for plagioclase and a defocused beam of 5-10 µm diameter for PUB matrix glasses and melt inclusions. Natural minerals and synthetic oxides were used as standards and the data correction was obtained by a program based on the ZAF procedure. The analytical uncertainty was <1% for elements with concentration >5 wt % and <3 wt % for elements with concentration >1 wt %. Profiles of elemental concentrations in plagioclase macrocrysts were also obtained with the JEOL-JXA-8100 electron microprobe under the same conditions.
LA-ICP-MS Analyses
Trace element compositions of 5 large melt inclusions trapped in plagioclase macrocrysts and PUB matrix glass were determined by an Agilent 7500 LA-ICP-MS at the State Key Laboratory of Geological Processes and Mineral Resources, China University of Geoscience, Wuhan. Detailed operating conditions for the laser ablation system and the ICP-MS instrument and data reduction are the same as described by Liu et al. [44] . Each analysis incorporated a background acquisition of approximately 20-30 s (gas blank) followed by 50 s data acquisition from the sample. The Agilent Chemstation was utilized for the acquisition of each individual analysis. The laser ablation spot was correlated to the nearest EPMA points and the ablation diameter of the spot was set as 44 µm. Element contents were calibrated against multiple-reference materials (BCR-2G, BIR-1G, NIST610 and BHVO-2G) without applying internal standardization [44] . Typical analytical errors were less than 10%.
Whole Rock Analysis
Prior to whole rock analysis, samples (~5 × 5 × 5 cm) were ultrasonically cleaned in distilled water several times, and then crushed and powdered in an agate mill to less than 200 mesh size. Both major and trace element analyses were performed at the Wuhan Sample Solution Analytical Technology Co., Ltd., Wuhan, China. The major element concentrations were determined on fused glass disks using an X-ray fluorescence spectrometer (XRF) (XRF-8100). These analyses have a precision (relative standard deviation expressed in percentage, RSD) that is better than 1% for most major oxides. The accuracy (expressed in percentage) is better than ± 3% for most major elements relative to accepted values, as determined from three geological standard samples (Table S1 ). Trace element analysis was performed on dissolved sample solutions using an Agilent 7700e ICP-MS instrument. Before analysis, sample powders were digested in acid in Teflon bombs. The details of the sample digestion procedure for ICP-MS analysis were reported by Liu et al. [44] . Analyses of the USGS standards (BCR-2 and BHVO-2) indicated that the accuracy was better than ± 10% for most trace elements (Table S2) . 
Results
Plagioclase Major Element Compositions
The major element data was collected from the plagioclase core and in some case as transects from crystal interior to rim for the plagioclase macrocrysts in Mount Jourdanne PUBs. The analyzed plagioclase cores have An (%) contents varying from 60.6 to 69.5 (Table S3 ). Most of the plagioclase crystals are remarkably homogeneous with less than 2% intra-grain variations. However, some macrocrysts exhibit reverse zoning and/or oscillatory zoning patterns, making an abrupt compositional discontinuity with the core (see profiles in Table S3 and Figure S1 ). Plagioclase microlites in the groundmass generally show less-variable compositions, ranging from An 62 to An 65 .
Whole-Rock and PUB Matrix Glass Compositions
Bulk rock major element compositions of the Mount Jourdanne basalts are given in Table 1 . They show a very limited range of major element compositions ( Figure 3 [29, 30] . The two PUB bulk rocks ploted outside the data field and display lower MgO, FeO and TiO 2 , but higher CaO and Al 2 O 3 contents (Figure 3 ), suggesting a plagioclase-accumulative origin for the PUBs. In general, the Mount Jourdanne basalts show a well-defined trend in the major element against MgO diagrams, which can be reproduced by calculated liquid line of descent (LLD) of fractional crystallization (see further discussion in Section 6.1). Finally, the matrix glasses of PUBs show very homogeneous compositions (Table S4) , which plot along the fractional trends defined by the Mount Jourdanne basalts (Figure 3 ).
Plagioclase-Hosted Melt Inclusions
Major element compositions of the plagioclase-hosted melt inclusions are presented in Table 2 . The melt inclusions show moderate degrees of differentiation with Mg# (Mg# = Mg/(Mg + Fe)) of 0.61-0.66, similar to Mount Jourdanne basalts (0.56-0.65). As shown in Figure 3 , compositions of these melt inclusions fall within the field defined by the 61-67 • E volcanic seafloor basalts, but extend to the low MgO and high SiO 2 end, which is distinct from the LREE depleted volcanic seafloor basalts. In general, these melt inclusions have relatively high K/Ti ratios (defined as K 2 O/TiO 2 × 100) , which can be classified as E-MORB [45] . When compared with PUB host glasses, the melt inclusions are characterized by higher MgO and SiO 2 contents, and lower CaO and Al 2 O 3 contents ( Figure 3 ).
Trace element compositions of the plagioclase-hosted melt inclusions are given in Table 2 . They have an enriched composition, with (La/Sm) N and (Sm/Yb) N varying in the range of 0.86-1.26 and 1.07-1.54, respectively. Zr/Nb varies between 24.8 and 31.3, within the range of Mount Jourdanne basalts (23.3-33.7). The chondrite-normalized rare earth element (REE) patterns for the melt inclusions are plotted in Figure 4a . In general, these melt inclusions display flat to slightly LREE-enriched patterns, resembling typical E-MORB. In addition, absolute REE abundances of the melt inclusions are slightly lower than those of PUB host glasses, indicative of their more primitive nature. However, the PUB bulk rocks show much lower absolute REE abundances partially due to high modal proportions of plagioclase crystals. One of the most striking characteristics for the melt inclusions is their positive Eu anomalies (Eu/Eu* > 1; Table 2 and Figure 4a ), similar to the PUB bulk-rocks. In contrast, the 61-67 • E basalts show no or even negative Eu anomalies, indicating strong plagioclase fractionation. In the spider diagram (Figure 4b ), the plagioclase-hosted melt inclusions are characterized by positive Sr anomalies and strong negative Pb anomalies. Positive Sr anomalies were also observed in PUB bulk rocks and host glasses. Finally, incompatible trace element chemistry of the melt inclusions is similar to that of Mount Jourdanne basalts and the 61-67 • E ultramafic seafloor basalts. They show depletion for Rb, Ba, Th, U and Nb compared to LREE, as these elements are more incompatible than LREE.
However, the volcanic seafloor basalts show broadly continuous variations for these elements between the average N-MORB and E-MORB. 
Major element compositions of the plagioclase-hosted melt inclusions are presented in Table 2 . The melt inclusions show moderate degrees of differentiation with Mg# (Mg# = Mg/(Mg + Fe)) of 0.61-0.66, similar to Mount Jourdanne basalts (0.56-0.65). As shown in Figure 3 , compositions of these melt inclusions fall within the field defined by the 61-67° E volcanic seafloor basalts, but extend to Note: Repeat analysis of the sample. LOI is loss weight on ignition. Eu/Eu* = Eu N /(Sm N × Gd N ) 1/2 , where subscript N denotes chondrite normalization [46] . Subscript PM denotes primitive mantle normalization [47] . Table 2 . Major and trace element concentrations for plagioclase-hosted melt inclusions in Mount Jourdanne PUBs. 
Discussion
Post-Entrapment Crystallization (PEC) and Diffusive Equilibration
Plagioclase-hosted melt inclusions are commonly affected by post-entrapment processes, including crystallization and diffusive re-equilibration, which can greatly modify the original chemistry of the inclusions [4, [48] [49] [50] . Petrographic investigation has revealed that plagioclase-hosted inclusions in Mount Jourdanne PUBs did experience substantial PEC prior to quenching. For example, a low-An plagioclase halo was often observed around the large melt inclusions, indicating overgrowth of the plagioclase (Figure 2h ). It has been demonstrated that PEC may result in compositional depletion for elements that are compatible with the host crystal (e.g., Al2O3 for plagioclase). In order to evaluate the effect of PEC, plagioclase-hosted melt inclusions were compared with Mount Jourdanne basalts and the modeled LLDs ( Figure 5 ). The LLDs were determined by 
Discussion
Post-Entrapment Crystallization (PEC) and Diffusive Equilibration
Plagioclase-hosted melt inclusions are commonly affected by post-entrapment processes, including crystallization and diffusive re-equilibration, which can greatly modify the original chemistry of the inclusions [4, [48] [49] [50] . Petrographic investigation has revealed that plagioclase-hosted inclusions in Mount Jourdanne PUBs did experience substantial PEC prior to quenching. For example, a low-An plagioclase halo was often observed around the large melt inclusions, indicating overgrowth of the plagioclase (Figure 2h ). It has been demonstrated that PEC may result in compositional depletion for elements that are compatible with the host crystal (e.g., Al 2 O 3 for plagioclase). In order to evaluate the effect of PEC, plagioclase-hosted melt inclusions were compared with Mount Jourdanne basalts and the modeled LLDs ( Figure 5 ). The LLDs were determined by reverse crystallization calculation using the Petrolog 3 software [51] . During calculations, olivine, plagioclase and/or clinopyroxene were added to the known compositions of the PUB host glass until the final liquids are in equilibrium with mantle olivine (Fo 90 ). The equilibrium models for olivine-melt, clinopyroxene-melt and plagioclase-melt are from Danyushevsky [52] and the oxygen buffer was set as QFM. The LLD calculation shows that crystallization of plagioclase was initiated at MgO ≈ 8.5 wt % and the Mount Jourdanne basalts define an olivine + plagioclase cotectic at MgO < 8 wt % ( Figure 5 ). Due to the effect of PEC, the plagioclase-hosted melt inclusions plot away from the LLDs and show depletion in CaO and Al 2 O 3 , and enrichment in MgO content ( Figure 5 ). The influence of PEC is variable among different melt inclusions and is more significant in melt inclusions with small size. The composition of plagioclase-hosted melt inclusion at the moment of entrapment was estimated (i.e., PEC correction) by incrementally adding equilibrium plagioclase back into the melt inclusions until it reached the olivine + plagioclase cotectic. The parameters used during PEC correction were the same as those of the LLD calculation above. The recalculated melt inclusions are given in Table S5 . They plot consistently along the LLD of Mount Jourdanne basalts on the MgO versus Al 2 O 3 diagram ( Figure 5a ). However, for other elements (e.g., SiO 2 and CaO), the melt inclusions after PEC correction still plot outside the LLD.
On the other hand, melt inclusions could also be affected by the diffusion of the elemental species from the host lavas through the host plagioclase [53] . The effect of elemental diffusion on a population of melt inclusions decreases the variation in the elemental concentrations and the standard deviation of their distribution coefficients, especially for compatible and rapidly diffusing elements [48] . In the case of plagioclase, where Sr, Eu and LREE are more compatible than heavy rare earth elements (HREE), the diffusive re-equilibration would lead to a group of melt inclusions to exhibit a wide range of HREE but a narrow range of Sr, Eu and LREE. In this study, the melt inclusions did not show much smaller variations of Sr, Eu and LREE than HREE (Figure 4 ), which rules out the influence of post-entrapment diffusion. However, it should be noted that some plagioclase crystals in the studied samples exhibited compositional zoning. This kind of plagioclase is not rare in Mount Jourdanne PUBs and they usually display resorption texture (Figure 2e ,f). It probably indicates that they were not in equilibrium with host lavas during magma cooling or chemically fluxing at a shallow magma reservoir [53] . However, the investigated melt inclusions are mainly hosted in the plagioclase core and away from the compositional boundary (e.g., Figure S1 ), implying an insignificant effect of diffusion re-equilibration.
Insights into the Mantle Source Lithologies of Mount Jourdanne Basalts and the 61-67 • E Basaltic Lavas
In the easternmost part of SWIR (61-67 • E), most of the basalts are characterized by typical E-MORB compositions (Figure 4 ). N-MORBs were only sporadically found in this region, (e.g., dredge ed20, ed22 and ed26 [30] ), which displayed low (La/Sm) N (<0.8) and Zr/Y ratios (<2.9), but high Zr/Nb (50-80) and Y/Nb (17.5-30.5) ratios (Figure 6a-c) . We infer that garnet is a residual phase during mantle melting for generation of those N-MORBs. Supporting evidence is their high (Lu/Tb) PM (>1) (Figure 6d ), as garnet is much more effective in fractionating Lu/Tb than clinopyroxene [54] . At the Mount Jourdanne massif, the melt inclusions and the PUB host glass display similar primitive mantle-normalized trace element patterns (Figure 4 ). It suggests that the magmatic process during the period of PUB formation does not significantly modify their geochemical signature. They show a close similarity in trace element compositions to the 61-67 • E E-MORB (Figures 4 and 6 ), probably indicating that they share a common mantle source. 
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Based on the melting behavior of fertile peridotite, Herzberg and Asimow [64] suggested that the CaO-MgO relation can be used to identify the source lithology of basalts. Magmas derived from pyroxenite sources generally show lower CaO at a given MgO compared to magmas from peridotite sources [64] . In the CaO-MgO diagram, the plagioclase-hosted melt inclusions, Mount Jourdanne Although peridotite is widely believed to be the dominant lithology in the MORB mantle source, several lines of evidence indicate that pyroxenite may exist in the MORB mantle [57] [58] [59] . For this reason, many chemical markers of pyroxenite (e.g., MgO-CaO trend, Fe/Mn ratio, and FC3MS parameter) have been proposed based on major element compositions of basaltic lavas [60] . Recently, a more powerful parameter called FCKANTMS was obtained to constrain the mantle source lithology [61] . On the other hand, ratios of moderately incompatible trace elements and major elements, such as Zn/Fe and Zn/Mn [62, 63] , can be good indicators of the lithology and residual mineral assemblages of the magma sources. In order to evaluate the mantle source beneath Mount Jourdanne massif and the other 61-67 • E axial region, we discuss the melt inclusions and the 61-67 • E basalts in context with the pyroxenite source indicators listed above.
Based on the melting behavior of fertile peridotite, Herzberg and Asimow [64] suggested that the CaO-MgO relation can be used to identify the source lithology of basalts. Magmas derived from pyroxenite sources generally show lower CaO at a given MgO compared to magmas from peridotite sources [64] . In the CaO-MgO diagram, the plagioclase-hosted melt inclusions, Mount Jourdanne basalts and other 61-67 • E axial lavas all plot below the MgO-CaO dividing line, seemingly implying a pyroxenite-dominated mantle source (Figure 7a ). However, low-CaO tholeiitic melts can also be produced from harzburgite sources and would be plotted in the pyroxenite source field in the CaO-MgO diagram [60] . On the other hand, partial melting of lherzolite at a low pressure may also produce low-CaO melts, which further increase the ambiguity of interpretation on mantle source lithology based on the CaO-MgO relationship. In the FC3MS space, most of the basalts from Mount Jourdanne and 61-67 • E region have FC3MS values of <0.65 (Figure 7b ), consistent with a peridotite dominated mantle source. Nevertheless, some low-to-moderate degree partial melts of typical pyroxenite and hornblendite also have FC3MS lower than 0.65, and these low FC3MS melts of mafic lithology may be erroneously regarded as derived from peridotite. Thus, caution should be taken in identifying the source lithology of basalts with low FC3MS values as well.
Minerals 2019, 9, basalts and other 61-67° E axial lavas all plot below the MgO-CaO dividing line, seemingly implying a pyroxenite-dominated mantle source (Figure 7a ). However, low-CaO tholeiitic melts can also be produced from harzburgite sources and would be plotted in the pyroxenite source field in the CaO-MgO diagram [60] . On the other hand, partial melting of lherzolite at a low pressure may also produce low-CaO melts, which further increase the ambiguity of interpretation on mantle source lithology based on the CaO-MgO relationship. In the FC3MS space, most of the basalts from Mount Jourdanne and 61-67° E region have FC3MS values of <0.65 (Figure 7b ), consistent with a peridotite dominated mantle source. Nevertheless, some low-to-moderate degree partial melts of typical pyroxenite and hornblendite also have FC3MS lower than 0.65, and these low FC3MS melts of mafic lithology may be erroneously regarded as derived from peridotite. Thus, caution should be taken in identifying the source lithology of basalts with low FC3MS values as well. (Figure 7c-e ). In the FCKANTMS versus Mg# diagram (Figure 7c ), the Mount Jourdanne basalts, two types of volcanic seafloor basalts and the ultramafic seafloor basalts are broadly consistent with fractionation and accumulation trends of olivine. Most of the Mount Jourdanne basalts and plagioclase-hosted melt inclusions fall in the range of mafic and transitional lithology field, with only a small portion in the peridotite field. Some 61-67 • E basalts have FCKANTMS values higher than those of melts derived from normal peridotites and transitional lithology (Figure 7c-e ). Note that melts derived from harzburgite source may also have high FCKANTMS values, but with a higher (SiO 2 /(CaO + Na 2 O + TiO 2 ) values (>1.5) than the samples we investigated (Figure 7d ). Therefore, the primary magmas of these high FCKANTMS samples should be derived from a mafic lithology source, likely pyroxenite. Finally, we observe that large variations exist in ln (CaO/TiO 2 ) values for Mount Jourdanne basalts and the 61-67 • E lavas (Figure 7e ). It implies significant compositional heterogeneity in their primary magma, because an olivine fractionation or accumulation cannot fractionate ln (CaO/TiO 2 ) values. Note that if their FCKANTMS values are higher than the upper boundary for normal peridotites partial melts, then, the heterogeneous mantle beneath the 61-67 • E region should consist of a transitional or mafic lithology. The transitional lithology could be either an olivine pyroxenite or a refertilized peridotite. This inference is consistent with the observation that more abundant clinopyroxene-rich (up to 9%) lithologies were exhumed on the seafloor in the SWIR 61-67 • E region [66] . In addition, the pertinence of pyroxenite-peridotite bimodal melting is evidenced by clinopyroxene compositions in peridotites from the SWIR 61-67 • E axial region [67, 68] . Brunelli et al. [69] suggest that these trace element compositions can be modeled with open-system melting of the peridotites accompanied by influx of garnet field-generated enriched melts. Certainly, pyroxenite can be a good candidate for the source of these enriched melt.
Le Roux et al. [62, 63] found that Zn/Fe, Fe/Mn and Zn/Mn do not fractionate between olivine, orthopyroxene and partial melts, but are strongly fractionated when garnet or clinopyroxene are the dominant phases involved during melting or crystallization. Moreover, Le Roux et al. [63] and Davis et al. [70] determined mineral/melt partition coefficients of first row transition elements in experiments and calculated model partial melt compositions of peridotite. Their results show that partial melts of eclogite or garnet pyroxenite have higher Zn/Fe, Zn/Mn and Fe/Mn ratios than partial melts of peridotite. As shown in Figure 8 , Fe/Mn, Zn/Mn and Zn/Fe × 10 4 of plagioclase-hosted melt inclusions and Mount Jourdanne basalts are 59 ± 16, 0.06 ± 0.02 and 11 ± 3.6, respectively, similar to those of volcanic seafloor basalts in the SWIR 61-67 • E region (58 ± 18, 0.06 ± 0.02 and 10.9 ± 1.6). Notably, some samples show significant higher Fe/Mn, Zn/Mn and Zn/Fe × 10 4 than the range for MORB and peridotite (Figure 8 ). This evidence implies that non-peridotite components contribute to the mantle source of the SWIR 61-67 • E basalts. Taken together, we hold the view that the easternmost part of SWIR consists of a hybrid mantle lithology. Nearly all of the 61-67° E basalts show negative Pb anomalies and positive Sr anomalies, whereas only the plagioclase-hosted melt inclusions and a small portion of Mount Jourdanne basalts show slightly positive Eu anomalies (Figure 4a ). Generally, positive Sr and Eu anomalies are rare in MORB samples, which have been interpreted by partial melting of plagioclase-bearing mantle sources [71] . This hypothesis, however, is not favored as it is against the presence of garnet during mantle melting. It is possible that the positive Sr and Eu anomalies represent a recycled component (Figure 4a ). Generally, positive Sr and Eu anomalies are rare in MORB samples, which have been interpreted by partial melting of plagioclase-bearing mantle sources [71] . This hypothesis, however, is not favored as it is against the presence of garnet during mantle melting.
It is possible that the positive Sr and Eu anomalies represent a recycled component in the mantle source [57] . Note that the positive Sr anomalies are common in the 61-67 • E N-MORB and E-MORB, whereas the Eu anomalies are absent and sometimes even negative in these samples (Figure 4 ). We infer that the positive Sr and Eu anomalies are inherit characteristics of the primary magma. However, these characteristics were often obscured during magmatic differentiation, because plagioclase crystallization always produces negative Sr and Eu anomalies in magma. As a consequence, the Mount Jourdanne basalts likely represent a mixture of enriched melts derived from an enriched component (e.g., pyroxenite) and depleted melts derived from the mantle peridotite. Again, this interpretation is consistent with the bimodal melting model suggested by Paquet et al. [30] , that the primary melt was derived from a hybrid mantle source consisting of a peridotite and a pyroxenitic lithology.
Melt/Mantle Reactions: Insight from Mount Jourdanne PUBs and Spatially Related Plagioclase-Bearing (Ultra)Mafic Rocks
It was inferred that the primary melts of the SWIR 61-67 • E basalts have been variably modified by melt/mantle reactions [30] . The composition of residual peridotites sampled in the region attests to a metasomatic history of the subaxial lithosphere [66] [67] [68] . The question remaining is whether the melts trapped by plagioclase in Mount Jourdanne PUBs and their host magma also preserve the record of the melt/mantle reaction process.
In general, fractional crystallization and melt/mantle reactions are two opposite processes. The Petrolog calculation always predicts fractional crystallization of olivine followed by plagioclase (decreasing MgO in melt; e.g., LLD in Figure 5 ), whereas the melt/mantle reaction may lead to olivine dissolution (increasing MgO in melt). As noted by Paquet et al. [30] , the early portion of LLDs and melt/mantle reaction trends are comparable at intermediate MgO contents (7.5-8.5 wt %). Therefore, the LLDs and melt/mantle reaction trends show strong similarity over a wide range of melt/rock ratios for the major elements (SiO 2 , CaO and Na 2 O, etc.). We compare the Mount Jourdanne basalts, PUB host glasses and plagioclase-hosted melt inclusions with the LLDs and the melt/mantle reaction trends in Figure 9 . Both the LLDs and melt/mantle reaction trends are modified from Paquet et al. [30] . The LLDs are calculated with Petrolog 3 with an ultramafic seafloor sample SMS16-3-5 as the starting melt compositions, whereas the melt/mantle reaction trends are calculated with a mass balance model [30] . Obviously, the LLDs do not fit the Mount Jourdanne basalts because the PUB and host melt compositions cannot be reproduced by fractional crystallization with the chosen starting composition. It shows that most of the ultramafic seafloor basalts can be fitted by the melt/mantle reaction model at high melt/mantle ratios (Figure 9 ). Some Mount Jourdanne basalts and plagioclase-hosted melt inclusions plot close to the melt/mantle reaction trend at ratios <30, indicative of relatively low degrees of melt/mantle reaction. Specifically, some plagioclase-hosted melt inclusions are characterized by high SiO 2 , and low MgO, CaO and TiO 2 contents (Figure 9a,c,e ). We infer that these melt inclusions preserve the low-Mg and high-Si nature in primary magmas, which survives from the melt/mantle reaction. When compared to the volcanic seafloor basalts, the melt inclusions are distinctive for their positive Eu anomalies (Figure 4) , excluding abundant plagioclase fractionation before entrapment as melt inclusions. In this case, the plagioclase-hosted melt inclusions are more likely to witness and preserve the record of melt/mantle reaction process. Moreover, the plagioclase-hosted melt inclusions show REE patterns and concentrations resembling those of the ultramafic seafloor basalts (Figure 4a) . The latter was interpreted as parent melts variably modified by melt/mantle reactions [30] . Above all, we conclude that the plagioclase-hosted melt inclusions not only inherit the "low-Mg and high-Si" characteristics of the primary magma, but also as with the Mount Jourdanne basalts, preserve the record of melt/mantle reaction in the axial lithosphere. with an ultramafic seafloor basalt SMS16-3-5 (from Paquet et al. [30] ) as the starting composition. Diamond dots along these trends correspond to percent of crystallization. The mass balance model modified from Paquet et al. [30] is plotted in this figure, showing the possible effect of melt/rock interactions on the major element compositions of basalts in the SWIR (61-67° E). Dotted lines show the melt/rock reaction trend, with values from 20 to 500 corresponding to the ratio of the final mass of melt (i.e., the mass that could be erupted) over the initial mass of solid (i.e., the initial mass of reacted mantle). At high melt/rock ratios, reactions have little effect on the melt composition, whereas at low melt/rock ratios, the calculated initial composition of the melt has lower MgO and FeO [30] ) as the starting composition. Diamond dots along these trends correspond to percent of crystallization. The mass balance model modified from Paquet et al. [30] is plotted in this figure, showing the possible effect of melt/rock interactions on the major element compositions of basalts in the SWIR (61-67 • E). Dotted lines show the melt/rock reaction trend, with values from 20 to 500 corresponding to the ratio of the final mass of melt (i.e., the mass that could be erupted) over the initial mass of solid (i.e., the initial mass of reacted mantle). At high melt/rock ratios, reactions have little effect on the melt composition, whereas at low melt/rock ratios, the calculated initial composition of the melt has lower MgO and FeO contents, but higher CaO and Al 2 O 3 contents, similar to some Mount Jourdanne basalts. Data source and symbols as in Figure 3 .
The plagioclase macrocrysts in Mount Jourdanne PUBs display variable An contents (60.6%-69.5%). The low-An values are comparable to those measured in the large plagioclase grains (An contents: 55%-67%) in troctolites and gabbros exposed on the ultramafic seafloor, but the PUB plagioclases have higher K 2 O contents at similar An values ( Figure 10) . In contrast, the plagioclase grains in plagioclase-bearing ultramafic rocks (e.g., websterite and lherzolite) have very small sizes and much higher An values (74%-91.6%). High-An plagioclases have been observed in several suites of plagioclase-bearing abyssal peridotites, which were explained as the result of a reaction between the percolating melt and the peridotites [72, 73] . The reaction was inferred to occur in the walls of narrow dikes that formed conduits for primitive MORB melts to migrate into shallow levels [30] . Clearly, the melts in which the low-An plagioclases were derived were not in equilibrium with the residual mantle. Therefore, the troctolites and gabbros probably represent the aggregated melt extracted along those conduits from the deep melting mantle.
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The plagioclase macrocrysts in Mount Jourdanne PUBs display variable An contents (60.6%-69.5%). The low-An values are comparable to those measured in the large plagioclase grains (An contents: 55%-67%) in troctolites and gabbros exposed on the ultramafic seafloor, but the PUB plagioclases have higher K2O contents at similar An values ( Figure 10) . In contrast, the plagioclase grains in plagioclase-bearing ultramafic rocks (e.g., websterite and lherzolite) have very small sizes and much higher An values (74%-91.6%). High-An plagioclases have been observed in several suites of plagioclase-bearing abyssal peridotites, which were explained as the result of a reaction between the percolating melt and the peridotites [72, 73] . The reaction was inferred to occur in the walls of narrow dikes that formed conduits for primitive MORB melts to migrate into shallow levels [30] . Clearly, the melts in which the low-An plagioclases were derived were not in equilibrium with the residual mantle. Therefore, the troctolites and gabbros probably represent the aggregated melt extracted along those conduits from the deep melting mantle. [30] ) are also plotted for comparison. The grey field corresponds to the compositional range of plagioclase in sample SMS6-5-7 (see Paquet et al. [30] for details). In this sample, the plagioclase abundances vary significantly over scales of a few centimeters, with modal mineralogy varying from websterite to gabbronorite.
Finally, we found that the trace element compositions equilibrated with these plagioclase cores from troctolites and gabbros are inconsistent with our data, especially for HREE ( Figure 11 ). As inferred by Paquet et al. [30] , this inconsistence probably reflects that the available plagioclase/liquid partition coefficients are not appropriate for HREE. On the other hand, the plagioclase-hosted melt inclusions show similar compositions with calculated melts in equilibrium with the clinopyroxene (Figure 11 ) [30] . Based on this latter evidence, we suggest that plagioclase macrocrysts in Mount Jourdanne PUBs may share the same origin as those in gabbros and/or troctolites. It is the most likely that these plagioclase macrocrysts were derived from disrupted gabbro bodies, and were entrained as fragments by the ascending basaltic magmas to form the PUBs. The origin of Mount Jourdanne PUBs will be discussed further below. [30] ) are also plotted for comparison. The grey field corresponds to the compositional range of plagioclase in sample SMS6-5-7 (see Paquet et al. [30] for details). In this sample, the plagioclase abundances vary significantly over scales of a few centimeters, with modal mineralogy varying from websterite to gabbronorite.
Finally, we found that the trace element compositions equilibrated with these plagioclase cores from troctolites and gabbros are inconsistent with our data, especially for HREE ( Figure 11 ). As inferred by Paquet et al. [30] , this inconsistence probably reflects that the available plagioclase/liquid partition coefficients are not appropriate for HREE. On the other hand, the plagioclase-hosted melt inclusions show similar compositions with calculated melts in equilibrium with the clinopyroxene (Figure 11 ) [30] . Based on this latter evidence, we suggest that plagioclase macrocrysts in Mount Jourdanne PUBs may share the same origin as those in gabbros and/or troctolites. It is the most likely that these plagioclase macrocrysts were derived from disrupted gabbro bodies, and were entrained as fragments by the ascending basaltic magmas to form the PUBs. The origin of Mount Jourdanne PUBs will be discussed further below. Figure 4a ). Also plotted are melts calculated to be in equilibrium with the plagioclases and clinopyroxene (polygon with purple dashed line and yellow solid line, respectively) in regional plagioclase-rich rock types (i.e., troctolites and gabbros), modified from Paquet et al. [30] . Chondrite normalized values from McDonough and Sun [47] .
The Petrogenetic Model for the Mount Jourdanne PUBs at ~64° E
The recent activity of the 61-67° E volcanic domains is mainly characterized by the production of aphyric basalts [29, 30] . Although PUBs are found in SWIR [20] , they has not been documented in this region. The occurrence of PUBs at Mount Jourdanne may provide new insights into the shallow magmatic process during a specific period of this volcanic massif. Several models have been invoked to explain PUBs genesis at mid-ocean ridges. Below, we evaluate the various models for the origin of PUBs from Mount Jourdanne.
Although magmas with similar MgO contents to our melt inclusions could preferentially crystallize plagioclase relative to the other mineral phases from the high-Al melts, the data is consistent with cotectic fractional crystallization of olivine and plagioclase based on Petrolog modeling (e.g., 2 kbar in Figure 9 ). However, these mineral phases do not exist in cotectic proportions in Mount Jourdanne PUBs. It was also noted that the Petrolog modeling cannot reproduce the low CaO and high SiO2 contents of the melt inclusions ( Figure 9 ). Thus, crystallization from high-Al magma as the origin of Mount Jourdanne PUBs is ruled out.
Plagioclase macrocrysts and glomerocrysts in our PUB samples may be derived from mechanical disaggregation of gabbroic cumulates. Plagioclase with a cumulative origin, also, has been suggested for the PUB formation in different contexts [16, 18, 20, 21, 27, 74, 75] . It was proposed that PUB forms by plagioclase accumulation via flotation during a shallow magma chamber and is transported in a highdensity melt [16, 18] . However, this mechanism works only when plagioclases have positive buoyancy. Here, we calculated the liquid density of host glass using the MELTS algorithm ( Table 3) . The MELTS calculation also gives the density of the solid phases (i.e., plagioclase and clinopyroxene) at liquidus temperature. Notably, the calculated An contents of liquidus plagioclase are similar to those of plagioclase macrocrysts in our PUB samples. It shows that the density of plagioclase crystals (2.654 g cm −3 ) is slightly higher than that of the liquid (<2.652 g cm −3 ) at pressure less than 2 kbar, but less than clinopyroxene for all pressures. Thus, the plagioclase crystals would sink in the liquid rather than float. However, liquid density may increase with pressure. For the estimated density of plagioclase (2.654 g cm −3 ), pressures over 2 kbar (~6 km) are required for these plagioclases to be Figure 4a ). Also plotted are melts calculated to be in equilibrium with the plagioclases and clinopyroxene (polygon with purple dashed line and yellow solid line, respectively) in regional plagioclase-rich rock types (i.e., troctolites and gabbros), modified from Paquet et al. [30] . Chondrite normalized values from McDonough and Sun [47] .
The Petrogenetic Model for the Mount Jourdanne PUBs at~64 • E
The recent activity of the 61-67 • E volcanic domains is mainly characterized by the production of aphyric basalts [29, 30] . Although PUBs are found in SWIR [20] , they has not been documented in this region. The occurrence of PUBs at Mount Jourdanne may provide new insights into the shallow magmatic process during a specific period of this volcanic massif. Several models have been invoked to explain PUBs genesis at mid-ocean ridges. Below, we evaluate the various models for the origin of PUBs from Mount Jourdanne.
Although magmas with similar MgO contents to our melt inclusions could preferentially crystallize plagioclase relative to the other mineral phases from the high-Al melts, the data is consistent with cotectic fractional crystallization of olivine and plagioclase based on Petrolog modeling (e.g., 2 kbar in Figure 9 ). However, these mineral phases do not exist in cotectic proportions in Mount Jourdanne PUBs. It was also noted that the Petrolog modeling cannot reproduce the low CaO and high SiO 2 contents of the melt inclusions ( Figure 9 ). Thus, crystallization from high-Al magma as the origin of Mount Jourdanne PUBs is ruled out.
Plagioclase macrocrysts and glomerocrysts in our PUB samples may be derived from mechanical disaggregation of gabbroic cumulates. Plagioclase with a cumulative origin, also, has been suggested for the PUB formation in different contexts [16, 18, 20, 21, 27, 74, 75] . It was proposed that PUB forms by plagioclase accumulation via flotation during a shallow magma chamber and is transported in a high-density melt [16, 18] . However, this mechanism works only when plagioclases have positive buoyancy. Here, we calculated the liquid density of host glass using the MELTS algorithm ( Table 3) . The MELTS calculation also gives the density of the solid phases (i.e., plagioclase and clinopyroxene) at liquidus temperature. Notably, the calculated An contents of liquidus plagioclase are similar to those of plagioclase macrocrysts in our PUB samples. It shows that the density of plagioclase crystals (2.654 g cm −3 ) is slightly higher than that of the liquid (<2.652 g cm −3 ) at pressure less than 2 kbar, but less than clinopyroxene for all pressures. Thus, the plagioclase crystals would sink in the liquid rather than float. However, liquid density may increase with pressure. For the estimated density of plagioclase (2.654 g cm −3 ), pressures over 2 kbar (~6 km) are required for these plagioclases to be neutrally buoyant within the liquid. As the seismic and gravity-derived crustal thickness is~6 km beneath the center of segment #11, SWIR [36, 76] , the plagioclase cannot be buoyant even if the magma reservoir exists in the lower crust. Table S3 ). Buffer of Oxygen fugacity: QFM (quartz-fayalite-magnetite). 2 Anorthite content (%) of the feldspar formed at liquidus temperature of plagioclase. Note that the anorthite contents are similar to the plagioclase (An 60.6-69.5 ) in the Mount Jourdanne PUB samples. 3 Density of the liquid and solid phases calculated with MELTS software (g cm −3 ). Note that the density of liquidus plagioclase at <2 kbar is larger than the density of the liquid. 4 Liquidus temperature of plagioclase. Abbreviations: Liq, liquid; Plg, plagioclase; Cpx, clinopyroxene; Ol, olivine; Sp, spinel.
As mentioned above, we suggest that the Mount Jourdanne PUBs are formed by disruption of plagioclase-bearing cumulates during magma ascent. Although such cumulates are rarely exposed on the volcanic seafloor, they are widely found on the ultramafic seafloor [30] . Sinton and Detrick [9] proposed that a gabbroic mush zone with sill-like bodies underlies the rift valley at slow spreading ridges. We inferred that such a disruption process probably occurs beneath the Mount Jourdanne volcano when a batch of magma passes through the crustal mush zone (Figure 12a ). The small density contrast between plagioclase and the melt in the lower crust may facilitate the incorporation of these plagioclase crystals.
In order to generate plagioclase enriched basalts, the segregation rate should be fast enough to efficiently segregate the plagioclase from the other phases (Figure 12b ). The rates of setting for the minerals can be approximately estimated with Stokes' law, which is dependent on density contrast between melt and the crystals, crystal size and viscosity of the melt. Density was shown in Table 3 , with density contrast varying from 0.002 g cm −3 to 0.018 g cm −3 at pressure less than 2 kbar. The maximum size of plagioclase in Mount Jourdanne PUBs (~3 cm) was used in order to calculate the minimum necessary ascending velocity for PUB eruption. The melt viscosity was obtained using MELTS at 1200 • C. For the magma to counteract the sinking force and transport the plagioclase macrocrysts to the surface, magma ascent velocities of 5 m d −1 are necessary. This velocity is not as fast as expected for typical MORB samples (e.g., 1 km d −1 , [20] ). Note that this value is a minimum estimation for the magma ascent, but more rapid ascent velocities are possible. However, we inferred that a slightly longer residence time during magma ascent may facilitate the remobilization of the crustal mush or plagioclase-rich cumulates, which would further lead to the chemical zoning of plagioclase macrocrysts in Mount Jourdanne PUBs. On the other hand, it should be noted that if the plagioclase-rich melts enter a shallow magma chamber (<6 km), the upward velocity would go to zero (Figure 9c ). Hence, the plagioclases would start to sink because of the negative buoyancy, which would make it impossible for PUBs to erupt. Above all, we propose that the Mount Jourdanne PUBs was formed when a new batch of magma passed through the crustal mush zone, triggering the remobilization of troctolitic or gabbroic cumulate and simultaneously entraining abundant plagioclase crystals. In contrast, the formation of the Mount Jourdanne volcanic massif was likely during a period with enhanced magma supply, where conduit systems and possible axial magma chamber had already developed.
plagioclase at <2 kbar is larger than the density of the liquid. 4 Liquidus temperature of plagioclase. Abbreviations: Liq, liquid; Plg, plagioclase; Cpx, clinopyroxene; Ol, olivine; Sp, spinel.
As mentioned above, we suggest that the Mount Jourdanne PUBs are formed by disruption of plagioclase-bearing cumulates during magma ascent. Although such cumulates are rarely exposed on the volcanic seafloor, they are widely found on the ultramafic seafloor [30] . Sinton and Detrick [9] proposed that a gabbroic mush zone with sill-like bodies underlies the rift valley at slow spreading ridges. We inferred that such a disruption process probably occurs beneath the Mount Jourdanne volcano when a batch of magma passes through the crustal mush zone (Figure 12a ). The small density contrast between plagioclase and the melt in the lower crust may facilitate the incorporation of these plagioclase crystals. extraction, melt/rock reaction and migration through the gabbroic mush zone at the crustal level. During melt extraction, the melts derived from the hybrid mantle sources pool at the base of axial lithosphere. The dashed arrows show the low degrees of partial melts migrating along the base of lithosphere in a high porosity channel. When the melt is percolating through the lithosphere, the melt/mantle reaction occurs mainly in the walls of melt conduits. Subsequent fractional crystallization of melts may occur in the shallow melt lens. Meanwhile, the veins and dikes may also form at shallow levels in the brittle lithosphere. (b) Upward migration of a new batch of magma disturb the gabbroic mush, resulting the rapid segregation of minerals by density contrast. The plagioclase incorporation in the lower crust is aided by the small difference of density contrast between magma and plagioclase. The ascent rate of magma is high enough to overcome the settling velocity of plagioclase, but not fast enough to carry denser clinopyroxene and olivine. (c) When a plagioclase-bearing melt enters a shallow magma reservoir, the upward velocity decreases to zero, resulting in the sinking of plagioclase and hence the PUBs will never be erupted at the seafloor. White rectangles, plagioclase; blue rectangles, clinopyroxene; green hexagons, olivine.
Conclusions
Plagioclase ultraphyric basalts from the Mount Jourdanne massif, Southwest Indian Ridge (~64 • E) contain up to 40% of plagioclase macrocrysts. Textural observations and the compositions of plagioclase-hosted melt inclusions show variable degrees of post-entrapment crystallization with a minor influence from diffusion re-equilibration. The melt inclusions have low MgO and high SiO 2 contents, exhibiting typical E-MORB type REE patterns with positive Eu and Sr anomalies. Those features indicate the presence of a pyroxenitic lithology in the mantle source. In addition, the FCKANTMS parameter also suggests a hybrid mantle lithology in the SWIR 61-67 • E region. The presence of plagioclase-rich aggregates in the PUBs, combined with the chemical similarity between the plagioclase-hosted melt inclusions and melts equilibrated with clinopyroxene cores from regional troctolites and gabbros suggest that these plagioclase macrocrysts arose from the segregation of a gabbroic mush. We propose that the segregation process took place in the lower crust, where the plagioclase macrocrysts were entrained by the ascending magma to form the Mount Jourdanne PUBs. The ascend velocity required for PUB formation, however, is not as high as the eruption rate for typical MORB samples, implying a period with reduced magma supply. In contrast, the Mount Jourdanne aphyric lavas were likely formed during a period with enhanced magmatism, leading to the fast volcanic construction of the Mount Jourdanne massif.
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